Establishing performance of high rate algal ponds South Australian rural communities commonly employ on-site systems for their residential wastewater treatment, e.g. septic tanks. Treated effluent is disposed of via sub-surface drainage or a 'soakage trench', however, public health and environmental issues arise, which are associated with various soil conditions and proximity to surface watercourses.
The project compared the effluent treatment performance of the HRAP operated at Kingston on Murray with a CWMS WSP system; determined the optimum operating conditions to maximise HRAP performance and provided validated design criteria for HRAP operation in CWMS in South Australia. It also demonstrated that the HRAP produced twice as much treated effluent for beneficial reuse.
To be included in CWMS, alternate treatment systems require approval of design guidelines from the South Australia Department of Health, Wastewater Management Group (DoHWMG).
The approval process is consistent with the Australian National Guidelines for Water Recycling:
Managing Health and Environmental Risks (Phase 1) (NRMMC, 2006) . The guidelines employ the concept of disability-adjusted life years (DALYs) with the tolerable risk adopted at 10 -6 DALYs per capita per year, equivalent to an annual risk of diarrhoeal illness of 1 per 1000.
Health-based targets are those that must be met to ensure that the tolerable risk is not , 2006) .
The requirement to provide an estimate of the LRVs for protozoan pathogens was problematic.
The calculation of LRVs requires sufficient numbers of the target organism in the influent to ensure detection of survivors in the post-treatment effluent. In small rural communities, pathogenic protozoa excretion rates will be very low or non-existent making an LRV difficult or impossible to derive. One solution briefly considered was to 'spike' the influent with the target organism, however, the cost of addition and subsequent detection of commercially available Cryptosporidium oocysts was prohibitive. Consequently, with the agreement of DoHWMG, aerobic spore-forming bacteria (ASFB) which have been used as surrogates for protozoa in drinking water treatment (Hijnen et al., 2006) , were used as surrogates for the validation of the HRAP. They were enumerated following pasteurisation and filtration of the wastewater sample as described by Rice et al., (1996) .
Over the period of the validation, the total insolation ranged from 10.5 to 27.4 MJ d -1 , the HRAPs water temperature from 9.9 to 20.3⁰C and turbidity was between 100 and 290 NTU.
The inlet BOD5 ranged from 68 to 262 mg BOD5 L -1 .
The LRVs were equal to the log10 difference between the initial inlet wastewater parameters and final outlet values from the second in series HRAP. The LRV median, mean and 5 th percentiles were calculated for each indicator for the 10 week validation period (Table 1) . The
LRVs recorded for ASFB were negative, indicating that more ASFB were in the treated effluent than the influent (ASFB, Table 1 ). Young et al., (2016) , concurrently with the winter validation exercise, collected composite daily samples (0.00 am and 12.00 pm; 400 mL per sample time) of HRAP treated wastewater using refrigerated (1⁰C) auto-samplers (Avalanche Sampler, ISCO Ltd, USA). It was shown that ASFB were also present in wind-blown agricultural soils accumulated in proximity to the HRAP and that the numbers of ASFB in the treated effluent were related to the temperature of the wastewater in the HRAP, suggesting growth of ASFB (Young et al., 2016) . The data showed that ASFB were unsuitable surrogate indicators for enteric, pathogenic protozoa in natural wastewater treatment systems. UVA and UVB play a major role in disinfection in natural wastewater treatment systems (Bolton et al., 2010) . In HRAPs the shallow depth and mixing increases exposure of microorganisms to disinfecting wavelengths. In these conditions E. coli was accepted as an adequate surrogate for protozoa from which an LRV could be inferred (Young et al., 2016) .
Outcomes of validation and recommended applications
The DoHWMG accepted the HRAP met the health based, LRV performance targets after considering the conservative, independent, winter determination of the HRAPs 5 th percentile
LRVs for E. coli and F-RNA coliphage together with the on-site controls in place for woodlot irrigation, e.g. exclusion of public during irrigation, extended buffer zones.
Additionally, the treated wastewater quality objective of a median value of <10 4 E. coli 100 mL -1 was also met.
LGA SA published the The case study also resulted in a recommendation regarding influent addition to ensure consistent treatment performance. Our modelling showed that the disinfection performance of the HRAPs was improved if the influent addition was continuous at flow rates equivalent to those required to achieve the THRT. Septic tank effluent in CWMS is reticulated to a collection sump from which it is pumped intermittently to the lagoons. This leads to 'pulse' loading of the HRAPs adversely affecting disinfection. If continuous loading is not possible, the guidelines indicate that no more than 4% of the pond volume should be introduced over a period shorter than 4% of the residence time -the '4% rule'. Helminth infections are not endemic in most parts of Australia (NRMMC, 2006) , however, where treated water can be accessed by stock, a minimum 25 days' total treatment time is required -10d HRT in the HRAP and an additional 15d storage pond time is required to ensure die-off of helminths.
There are few published validations of natural wastewater treatment systems in Australia.
These systems are often in rural or remote locations making the validation logistically coli and pathogenic protozoa in these systems.
The significant outcome of this case study was the regulatory approval of HRAPs for wastewater treatment which resulted in the publication of design guidelines for consultant engineers, which we believe to be unique. The application of HRAPs for wastewater treatment in rural communities reduces the surface area requirement from 7.7 m 2 capita -1 to 2.8m 2 capita -1 when operated at 0.5 m depth. This significantly reduces the capital cost for pond construction. Furthermore, the reduction in THRT from 66d for the traditional 5-cell WSP to 10d for the HRAP significantly reduces evaporative losses providing more treated wastewater available for beneficial re-use.
